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Abstract
We perform a helicity amplitude analysis for the processes of e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→ ππΞΞ¯→
4πΛΛ¯ → 6πpp¯. The joint angular distribution for these processes are obtained, which allows a proper estimation of
the detection efficiency using helicity amplitude information. In addition, the sensitivities of measurement of hyperon
asymmetry decay parameters for these processes are discussed.
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1. Introduction
Study of charmonium decaying into two-body hyperon anti-hyperon pairs (Y Y¯ ) in e+e− annihilation plays an
important role in the validation of the perturbative quantum chromodynamics (pQCD) [1, 2, 3]. However, due to
the shortage of helicity amplitude formulae for some Y Y¯ final states, such as for the processes J/ψ, ψ(2S) →
Ξ(1530)Ξ¯(1530), it is hard to give a proper determination of detection efficiency, which affects the precise mea-
surements for their branching fractions, angular distribution, decay parameters, and so on. In particular, precise
measurement of hyperon decay parameters have played an important role in understanding the basic knowledge of
particle physics related to the parity violation. Although some hyperon decay parameters were measured by the
previous experiments with high precision [4], these measurements mainly focused on measuring the Λ decay param-
eters, α(Λ → pπ−) = 0.750 ± 0.009 ± 0.004, α(Λ¯ → p¯π+) = −0.758 ± 0.010 ± 0.007 and α(Λ¯ → n¯π0) =
−0.692 ± 0.016 ± 0.006 with the uncertainty of ∼2.0% [5]. For other hyperons, the decay parameters such as
α(Ξ¯+ → p¯π+), α(Σ¯+ → p¯π0), α(Σ¯− → p¯π0), etc., have not been measured yet, or measured with large uncertainty,
such asα(Ξ− → Λπ−) = −0.458±0.012,α(Ξ0 → Λπ0) = −0.406±0.013 andα(Ω− → ΛK−) = 0.0180±0.0024
with the uncertainties of 3.0%∼10.0% level. To improve the experimental sensitivity or precision, data samples with
high statistics are expected. The experiment for e+e− colliders provides us an ideal laboratory to study hyperon
property with the improvement of the measured sensitivities, or perform a precise measurement of hyperon and anti-
hyperon decay parameters, using charmonium decays of J/ψ and ψ(2S) with low backgrounds and a large data
sample. Thus, it is worth giving an estimation of experimental sensitivity for hyperon decay parameter based on the
helicity amplitude formula.
In this paper, we present a helicity amplitude formula for the process of e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→
ππΞΞ¯→ 4πΛΛ¯→ 6πpp¯, and obtain the expressions of angular distribution for J/ψ and ψ(2S)→ Ξ(1530)Ξ¯(1530)
and the αΛ and αΞ decay parameters for Λ → pπ and Ξ → πΛ . The experimental sensitivities of measurement of
the hyperon asymmetry decay parameter for the corresponding processes mentioned before are discussed based on
the largest statistics taken by BESIII experiment [6, 7, 8].
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2. Helicity amplitude
The joint helicity amplitude of the sequential decays for
e+e− → J/ψ, ψ → Ξ(1530)Ξ¯(1530)
→ π0π0Ξ0Ξ¯0/π0π0Ξ−Ξ¯+/π+π−Ξ0Ξ¯0/π+π−Ξ−Ξ¯+
→ π0π0π0π0ΛΛ¯/π0π0π+π−ΛΛ¯/π+π+π−π−ΛΛ¯
→ π+π−π0π0π0π0pp¯/π+π+π−π−π0π0pp¯/π+π+π+π−π−π−pp¯
(1)
can be expressed by
|M|2 ∝
∑
s1,s2,s¯1,s¯2,
ξ1,ξ2,ξ¯1,ξ¯2,
λ1,λ2,λ¯1,λ¯2,λp,λp¯
ρ(s1−s¯1,s2−s¯2)(θ, φ)As1,s¯1A
∗
s2,s¯2
×Bξ1B∗ξ2B¯ξ¯1B¯∗ξ¯2D
3/2∗
s1,ξ1
(Ω1)D3/2s2,ξ2(Ω1)D
3/2∗
s¯1,ξ¯1
(Ω¯1)D3/2s¯2,ξ¯2(Ω¯1)
× Cλ1C∗λ2 C¯λ¯1C¯∗λ¯2D
1/2∗
ξ1,λ1
(Ω2)D1/2ξ2,λ2(Ω2)D
1/2∗
ξ¯1,λ¯1
(Ω¯2)D1/2ξ¯2,λ¯2(Ω¯2)
×DλpD∗λpD¯λp¯D¯∗λp¯D
1/2∗
λ1,λp
(Ω3)D1/2λ2,λp(Ω3)D
1/2∗
λ¯1,λp¯
(Ω¯3)D1/2λ¯2,λp¯(Ω¯3),
(2)
where, DJλ1,λ2(Ωi) ≡ DJλ1,λ2(φi, θi, 0), and ρi,j(θ, φ) =
∑
k=±1D1k,i(Ω)D1∗k,j(Ω) is the density matrix [9] for the
J/ψ and ψ(2S) produced in e+e− annihilation, As1,s¯2 denotes the helicity amplitude for the processes of J/ψ,
ψ(2S)→ Ξ(1530)Ξ¯(1530), Bξ , Cλ and Dλp denote the helicity amplitudes for the processes Ξ(1530)→ πΞ, Ξ →
pπ and Λ → pπ, and s1,2, s¯1,2, ξ1,2, ξ¯1,2, λ1,2,p,p¯, λ¯1,2,p,p¯ are the helicity values for Ξ(1530), Ξ, Λ and proton (an-
tiproton), respectively. With the consideration of parity invariance in the processes J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)
and Ξ(1530) → πΞ, one can get A−s1,−s¯2 = As1,s¯2 and B−ξ = Bξ and B¯−ξ¯ = B¯ξ¯ . It should be noted that the
definition of helicity frame for e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→ ππΞΞ¯ → 4πΛΛ¯ → 6πpp¯ is illustrated
in Fig. 1: (1) For e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530), we choose the Ξ(1530) outgoing direction as the z-axis
of the J/ψ, ψ(2S) rest frame, and the direction of the e+ beam is at the solid angle Ω(θ, φ); (2) in the subsequent
hyperon decays, i.e. Ξ(1530) → πΞ, Ξ → πΛ and Λ → pπ, the solid angle of the daughter particle Ωi(θi, φi) is
referred to the individual mother particle rest frame. The zi-axis is taken along the outgoing direction of the individual
hyperon in its mother particle rest frame. The helicity frame of anti-hyperon Y¯i is defined with similar to hyperon
described by the solid angle Ω¯i(θ¯i, φ¯i).
By substituting Eq. (3) into Eq. (2), one can get
DJm,m′(θ, φ) = e−imφdJm,m′(θ), (3)
the joint helicity amplitude can be written as
|M|2 ∝
∑
s1,s2,s¯1,s¯2,
ξ1,ξ2,ξ¯1,ξ¯2,
λ1,λ2,λ¯1,λ¯2,λp,λp¯
(
∑
k
d1k,s1−s¯1(θ)d
1
k,s2−s¯2(θ))As1,s¯1A
∗
s2,s¯2
×Bξ1B∗ξ2B¯ξ¯1B¯∗ξ¯2Cλ1C∗λ2C¯λ¯1 C¯∗λ¯2DλpD∗λpD¯λp¯D¯∗λp¯
× ei[(s1−s2)φ1+(s¯1−s¯2)φ¯1]d3/2s1,ξ1(θ1)d
3/2
s2,ξ2
(θ1)d
3/2
s¯1,ξ¯1
(θ¯1)d
3/2
s¯2,ξ¯2
(θ¯1)
× ei[(ξ1−ξ2)φ2+(ξ¯1−ξ¯2)φ¯2]d1/2ξ1,λ1(θ2)d
1/2
ξ2,λ2
(θ2)d
1/2
ξ¯1,λ¯1
(θ¯2)d
1/2
ξ¯2,λ¯2
(θ¯2)
× ei[(λ1−λ2)φ3+(λ¯1−λ¯2)φ¯3]d1/2λ1,λp(θ3)d
1/2
λ2,λp
(θ3)d
1/2
λ¯1,λp¯
(θ¯3)d
1/2
λ¯2,λp¯
(θ¯3).
(4)
Meanwhile, the differential cross section for the corresponding process can be written as
dσ
dΩdΩ1dΩ2Ω3
∝ |M|2. (5)
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FIG. 1: Definition of the helicity frame for e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→ pipiΞΞ¯→ 4piΛΛ¯→ 6pipp¯.
By integrating over all azimuthal angles and over the polar angles (θ1, θ¯1, θ2 and θ¯2) with the following relations,
∫ 2pi
0
eiφ(λ−λ
′)dφ = 2πδλλ′ , (6)
∫ pi
0
[dJm,m′(θ)]
2 sin θdθ =
2
2J + 1
, (7)
one can reduce amplitude in Eq. (4) as
dσ
d cos θd cos θ3d cos θ¯3
∝ 1
4
∑
s1,s¯1,
ξ1,ξ¯1,
λ1,λ¯1,λp,λp¯
(
∑
k
[d1k,s1−s¯1(θ)]
2)|As1,s¯1 |2
× |Bξ1 |2|B¯ξ¯1 |2|Cλ1 |2|C¯λ¯1 |2|Dλp |2|D¯λp¯ |2
× [d1/2λ1,λp(θ3)]2[d
1/2
λ¯1,λp¯
(θ¯3)]
2.
(8)
Equation 8 can be further calculated by substituting in the known expressions for the d functions, i.e.
dσ
d cos θd cos θ3d cos θ¯3
∝ (1 + αB cos2 θ)(1 + αΛαΞ cos θ3)(1 + αΛ¯αΞ¯ cos θ¯3), (9)
where
αB =
|A1/2,−1/2|2 + |A1/2,3/2|2 + |A3/2,1/2|2 − 2(|A1/2,1/2|2 + |A3/2,3/2|2)
|A1/2,−1/2|2 + |A1/2,3/2|2 + |A3/2,1/2|2 + 2(|A1/2,1/2|2 + |A3/2,3/2|2)
, (10)
αΞ(1530) =
|B3/2|2 − |B−3/2|2
|B3/2|2 + |B−3/2|2
= 0, (11)
3
αΞ¯(1530) =
|B¯3/2|2 − |B¯−3/2|2
|B¯3/2|2 + |B¯−3/2|2
= 0, (12)
αΞ =
|C1/2|2 − |C−1/2|2
|C1/2|2 + |C−1/2|2
, (13)
αΞ¯ =
|C¯1/2|2 − |C¯−1/2|2
|C¯1/2|2 + |C¯−1/2|2
, (14)
αΛ =
|D1/2|2 − |D−1/2|2
|D1/2|2 + |D−1/2|2
, (15)
αΛ¯ =
|D¯1/2|2 − |D¯−1/2|2
|D¯1/2|2 + |D¯−1/2|2
, (16)
by integrating over θ together with θ¯3 or θ3, one can get
dσ
d cos θ3
∝ (1 + αΛαΞ cos θ3), (17)
dσ
d cos θ¯3
∝ (1 + αΛ¯αΞ¯ cos θ¯3). (18)
In the above formulae, theαB is the parameter of angular distribution for the processes J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530),
αΞ(1530)/Ξ¯(1530) is the asymmetry decay parameter for the process of Ξ(1530)→ πΞ, which is calculated to be zero
due to the parity conservation, αΞ/Ξ¯ is the asymmetry decay parameter for the process Ξ → πΛ, and αΛ/Λ¯ is the
asymmetry decay parameter for the process Λ→ pπ.
3. Sensitivity
To estimate the sensitivity of measurement of hyperon decay parameter αΛαΞ for the processes of e
+e− →
J/ψ, ψ(2S) → Ξ(1530)Ξ¯(1530) → ππΞΞ¯ → 4πΛΛ¯ → 6πpp¯, we use a maximum likelihood to perform an
estimation of experimental sensitivity, where the joint likelihood L is defined by
L =
N∏
i=1
f(pi, α) =
N∏
i=1
|M(pi, α)|2ǫ(pi)∫
dpi|M(pi, α)|2ǫ(pi) , (19)
and f(pi, α) is the probability function of observation of the i
th events with the amplitudeM(pi, α) and momentum
of pi,N denotes the number of observed events, α is the measurement parameter and ǫ(pi) is the detection efficiency.
The sensitivity of measurement of the parameter α can be defined by:
δ(α) =
√
V (α)
|α| , (20)
where V (α) is the variance of parameter α, and is defined by Eq.(6.19) and Eq.(6.20) in Ref. [10],
V −1(α) = E
[
−∂
2 lnL
∂α2
]
= N
∫
−f(pi, α)∂
2 ln f(pi, α)
∂α2
dpi
= N
∫
1
f(pi, α)
[
∂f(pi, α)
∂α
]2
dpi,
(21)
where E is the expectation value of the estimator pi.
4
From Eq. (17) or Eq. (18) into Eq. (19), one can get
f(cos θ3, α) =
1 + α cos θ3∫ pi
0
(1 + α cos θ3)d cos θ3
= −1
2
(1 + α cos θ3).
(22)
By substituting Eq. (22) into Eq. (21), one can further get
V −1(α) = N
(
1
2α3
ln
1 + α
1− α −
1
α2
)
. (23)
Finally, by using Eq. (20) and Eq. (23), the sensitivity of the αΛαΞ measurement in the process of e
+e− →
J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→ ππΞΞ¯→ 4πΛΛ¯→ 6πpp¯ can be calculated as
δ(αΛαΞ) =
1√
N
[
1
2αΛαΞ
ln
1 + αΛαΞ
1− αΛαΞ − 1
]− 1
2
, (24)
where the N is calculated by
N = Nψ × ǫ×
∏
i
Bi, (25)
Nψ is total number of J/ψ and ψ(2S) events collected by BESIII experiment [7, 8], i.e. N
BESIII
J/ψ = ∼ 1010 and
NBESIIIψ(2S) = ∼5.0 ×108,
∏
i Bi stands for the product of branching fraction of the subsequent decays taken from the
PDG [4], i.e. ∏
i
Bi = B[ψ → Ξ(1530)Ξ¯(1530)]× B[Ξ(1530)→ πΞ] × B[Ξ→ πΛ]× B[Λ→ pπ], (26)
estimated roughly to be an order of ∼10−4 (∼10−5) for J/ψ (ψ(2S)) decay [11], ǫ represents the corresponding
detection efficiency estimated roughly to be a level of ∼10% according to Refs. [12, 13, 14]. Table 1 summarizes the
numerical results for the process e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→ ππΞΞ¯→ 4πΛΛ¯→ 6πpp¯.
TABLE 1: Summary of the expected yields and the expected sensitivity on the αΛαΞ measurement for the process of J/ψ, ψ(2S) →
Ξ(1530)Ξ¯(1530) → pipiΞΞ¯ → 4piΛΛ¯ → 6pipp¯, where the αΛ = 0.642 ± 0.013, αΞ− = −0.458 ± 0.012, αΞ0 = −0.406 ± 0.013
are quoted by the references [4, 5], i.e. αΛαΞ− = 0.347 ± 0.017, αΛαΞ0 = 0.308 ± 0.018.
Mode Expected yields Sensitivity of δ(αΛαΞ) (%)
J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530) N Measured NBESIIIJ/ψ (NBESIIIψ(2S) ) sample
→ π+π−Ξ−Ξ¯+ 100,000 (5,000) 5.0 ∼1.8 (∼8.0)
→ π0π0Ξ−Ξ¯+ 100,000 (5,000) 5.0 ∼1.8 (∼8.0)
→ π+π−Ξ0Ξ¯0 100,000 (5,000) 6.0 ∼2.0 (∼9.2)
→ π0π0Ξ0Ξ¯0 100,000 (5,000) 6.0 ∼2.0 (∼9.2)
4. Summary and prospects
In summary, we perform a helicity amplitude analysis for the process of e+e− → J/ψ, ψ(2S)→ Ξ(1530)Ξ¯(1530)→
ππΞΞ¯ → 4πΛΛ¯ → 6πpp¯. The formulae of the joint angular distributions for J/ψ and ψ(2S) decaying into
Ξ(1530)Ξ¯(1530) final state are presented, which allows a proper estimation of detection efficiency for the corre-
sponding processes and determination of the decay parameter of anti-hyperon, as well as extend to the study of other
properties of hyperon or anti-hyperon. In addition, the sensitivities of measurement of hyperon asymmetry decay
parameters for this process are studied based on the formula of helicity amplitude. Compared with the previous mea-
surements, the asymmetry decay parameter αΛαΞ can be measured with more precision at BESIII experiment based
on the taken 10 million J/ψ events.
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